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(C) 


DIGEST 


V 


The  present  emphasis,  by  the  Chemical  Corps,  on  toxic 
sgcots  o£  volatility  points  up  the  need  for  the  development  of  mors 
efficient  techniques  in  dissemination.  If  these  agents  are  to  be  used  as 
inhalant*  ^nd/or  as  body  impaction  contaminants,  more  efficient  means 
of  produqifng  and  controlling  droplet-sire  distribution  of  aerosols  is  required 


The  most  direct  approach  in  munition  design  is  the  use  of 
explosive*  a«  the  disseminating  force.  ThiS  report  outlines  the  statu*  o£ 
the  cham.'iter  program  for  investigating  the  effect  of  various  munition 
design  p^5-arneteis  on  the  explosive  dissemination  efficiency.  Major 
emphasis,  been  placed  on  the  study  of  the  effect  on  aerosol  mass  median 
diametcq-  qff  agent-to-burster  ratio  and  wall  thickness  for  miniature  steel 
devices.,  tentative  empirical  equations,  baaed  on  chamber  results, 
for  predicting  aerosol  mass  median  diameter  as  a  function  of  egent-to- 
burster  saftio  and  wall  thickness  are  presented.  The  relative  dissemination 
efficiencies  as  affected  by  type  of  explosive  and  oth.jr  variables  are 
tabulated..  Since  many  of  these  results  ore  as  yet  unexplained,  no 
conclusion,*  are  offered.  Areas  of  investigation  which  should  be  beneficial 
to  future  Wi-Unition  design  problems  are  pointed  out. 
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THE  EXPLOSIVE  LIS.'-EMXNATION  CF  LIQUIDS 
OF  LOW  VOLATILITY  (U) 

(Statu.  Report) 

I.  (C)  INTRODUCTION. 

(U)  Toxic  liquid  agent*  are  disseminated  from  munitirj;*  in  on# 

of  the  following  atatea:  (1)  vapor,  (2)  aerosol,  (3)  grosa  splash,  or 
(4)  decomposed  agent. 

(C)  The  present  emphi«I«  or  agents  of  low  volatility  has  directed 

the  munition*  research  effort  toward  the  enhancement  tf  aerosol  effective¬ 
ness  and  the  minimization  of  grows  splash  and  decomposition  of  agent. 
Theoretically,  there  is  ample  energy  available  in  relatively  small  explosive 
charge  •  to  convert  the  liquid  fill  of  a  munition  into  fine  aerosol  droplets. 

Thus,  it  become*  necessary  to  understand  the  mechanisms  affecting  the 
formation  of  aerosols  to  efficiently  utilize  the  available  exjtosWa  energy. 

(U)  This  report,  reflecting  the  "state  of  the  art"  of  explowlv# 

dister  i  in  at  ion,  is  mainly  concerned  with  data  from  the  chamber  teot  progra-u 
at  the  U.  3.  Army  Chemical  Warfare  Laboratories.  The  program  is  design  ■ 
to  investigate  the  effect*  of  the  following  parameters:  (l)  explosive  quan'Ly 
(ager ‘/burster  ratio).  (2)  casing  wail  thickness  and  material,  (3)  type  of 
explosive,  (4)  burster  wall  thickness  and  material,  (5)  physical  properties 
of  liquid  fill,  (6)  effect  of  size  (scaling),  (7)  cylinder  length/diameter  ratio, 
and  (2)  shape  of  casing  or  burster. 

(U)  The  casing  materials  were  selected  to  determine  the  effect*  of. 

elas.icity  and  ranged  from  a  cast  metal  (Zaruack)  to  rubber,  glass,  and  lcctte. 

U.  (U)  HISTORICAL. 

Research  on  the  explosive  dissemination  of  liquids  has  been  limited 
to  m  litary  research  programs  at  Army  Chemical  Center,  Fort  Detrick,  and 
Portr*n,  England.  The  Army  Chemical  Center  program  has  included  an  exten¬ 
sive  contractual  effort,  by  the  Stanford  Rejearcn  Institute,  whichuntil 
recei  tly  was  directed  at  increasing  the  efficiency  of  dissemination  of 
volat  le  liquids.  The  Tort  Detrick  (B\V)  program  has  included  a  contractual 
effor-  by  the  George  Washington  University  and  has  been  directed  at  in- 
creating  the  efficiency  of  producing  droplet*  under  5  rr.icron*  in  diameter. 

This  ..pproach  has  resulted  in  emphasit  on  small  plastic  device*  with  a 
special  casing  design  which  produces  li  <uid  jetting. 
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The  total  of  three  effort*  ha*  left  a  g«p  in  the  knowledge  of  th* 


mechanism*  of  droplet  formation  during  the  explosion  proce**.  This  may 
hold  the  key  to  the  design  of  munition*  which  are  required  to  produce  aero* 

•  ol*  of  liquid*  of  low  volatility. 

111.  (C)  INVESTIGATIONAL  PROCEDURES. 

(U)  Inherent  in  a  chamber  t  ?*t  program  i*  the  problem  of  the  effect 

of  the  te*t  environment  on  the  result*.  The  measurement  of  the  efficiency  of 
explosive  device*  In  producing  aerosols  in  a  test  chamber  may  be  in  error 
because  of  such  factors  as  chamber  wall  impaction,  agglomeration,  sonic 
coagulation,  reflected  shock  waves,  heating,  etc.  Some  of  tnese  environmental 
factor*  may  have  greater  impact  on  certain  types  of  device*  than  on  other* 
so  that  a  comparison  of  their  relative  chamber  efficiencies  may  result  in 
error.  The  current  program  seek*  to  establish  trends  in  the  chamber  which 
may  be  correlated  with  value*  obtained  in  the  field.  The  chamber  program 
discussed  in  this  report  is  concerned  with  increasing  the  efficiency  of 
explosive  devices  lu  producing  and  controlling  the' size  distribution  of  aerosols.' 

(I!)  No  experimental  techniques  are  available  for  direct  measurement 

of  the  initial  (time  zero)  particle-size  distribution  of  an  explosively  produced 
aerosol  cloud.  However,  two  indirect  techniques*  have  been  employed: 

(l)  deposition  of  droplets  on  slides  followed  by  microscopic  measurement  and 
counting;  (2)  measurement  of  the  quantity  of  liauid  airborne  as  a  function  of 
time  and  subsequent  calculation  of  the  particle-sice  distribution  from  cloud 
decay  theory.  It  is  theoretically  possible  with  this  latter  technique  to  deter¬ 
mine  the  cloud  characteristics  at  time  aero. 

(  U)  "Flashing"  is  detected  by  monitoring  the  oscilloscope  trace 

resulting  from  the  reaction  of  a  photoelectric  pickup  to  the  light  produced 
In  the  chamber.  The  duration  and  Intensity  of  this  light  give  relative 
indications  cf  the  extent  of  cloud  burning  which  is  confirmed  by  chemical 
measurement  of  fill  decomposition  (figure  I,  appendix). 

(U)  Because  of  the  laborious  techniques  necessary  to  determine 

particle-size  distribution  of  the  aerosols  produced,  test  data  un  the  effect 
of  the  above  variables  will  be  presented  in  terms  of  the  percentage  of 


1.  (U)  It  has  been  found  that  tho  range  of  particle  sizes  is  too  broad  to 

permit  measurement  by  a  single  conventional  mechanical  device 
such  as  the  cascade  impact^r. 
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fill  remaining  airborne  after  10  minute*  of  "*ettllng.M  The*e  value* 
represent  the  relative  ability  of  the  various  te*t  device*  to  produce 
small  aerosol  droplets. 

(Cl  Cylindrical  test  device*  with  central  burster*  were  u*ed 

in  the  experim  i  ts,  A  4-inch  bomb  length  wa*  cho*cn  a*  standard  because  of 

the  limitation  on  the  quantity  of  explosive  permitted  in  the  te*t  chamber. 

The  device*  were  filled  with  bis ( 2 -  ethylhexyl)  hydrogen  phosphite  (bis). 

IV.  (C)  RESULTS. 

A.  (Cl  Explosive  Quantity  and  Casing  Wall  Thichncts  and  Material. 

(U)  The  assumption  was  made  at  the  Initiation  of  the  chamber  teat 

program  that  the  aerosol  produced  by  an  explosive  device  is  the  result  of 
shear  and  drag  forces  exerted  on  the  liquid  fill  as  it  la  expelled  through 
the  environmental  air. 

(C)  This  process  should  result  In  aerosols  of  smaller  droplets  as 

the  liquid  ejection  velocity  is  Increased;  this  would  be  the  case  with  thin 
casings  and  high  relative  amounts  of  explosive  (low  agent/burster  ratio). 

Figure  2  (appendix)  shews  the  results  obtained  tv  varying  the  casing  wall  thick* 
r'ss  of  steel  devices  at  a  constant  agent/burster  ratio  of  l.  8.  When  these 
te»t*  were  expanded  to  include  other  egent/bur*ter  ratio*,  a  family  of 
curve*  resulted  which  may  be  represented  by  the  empirical  equation: 

R10  *  24(b)  *  l6e*ll-7T  *  31.5T(s)'58 

where 

Rjq  s  percentage  of  bomb  fill  airborne  after  10  minutee 
A/D  »  ratio  of  fill  weight  to  explosive  weight 
T  «  casing  wall  thickness 

The  predictions  of  this  equation  are  presented  in  figure  3  (appendix) 
for  steel  bomb*,  bi*  filled,  for  varying  A/B  and  T  value*. 

(U)  The  correlation  between  lest  result*  and  the  curve  predicted 

by  thi*  equation  can  be  »ec.i  in  figure*  4  through  10  (appendix)  where  the 
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•  olid  lines  are  the  predicted  values  and  the  points  are  experimentally 
measured  values.  These  data  support  the  original  assumption  regarding 
A/ B  ratio,  but  the  thick  walls  did  not  reduce  the  recovery  as  anticipated. 

(U)  Measurement  of  the  expansion  velocity  of  these  devices  has 

closely  corroborated  Gurney's  formula*  which  states  that  the  velocity 
varies  inversely  as  the  mass  being  moved  by  the  explosive.  The  shape 
of  the  thick-walled-casing  cloud-decay  curvet,  when  compared  with  that  . 
of  the  thin-walled-casing  cloud-decuy  curves  (figure  11,  appendix),  indi¬ 
cates  that  different  mechanisms,  or  different  applications  of  a  oaslc  droplet 
formation  mechanism,  are  taxing  place, 

(O  The  difference  In  curve  slope*,  at  the  short  time  periods, 

for  the  thin-  and  thick-walled  devices  seem*  to  indicate:  (1)  Thin  walla 
produce  a  spectrum  of  droplet  sixes,  with  the  larger  sizes  falling  out 
rapidly;  and  (2)  thick  walls  produce  a  result  that  suggests  the  fill  is  either 
splashed  out  or  broken  into  small  droplets  with  very  little  production  of 
intermediate  particle  sixes, 

(C)  One  explanation  may  be  that  with  the  thin-walled  units  the 

oxplosive  energy  is  utilized  In  propelling  the  liquid  fill  at  high  velocities, 
producing  the  droplet  spectrum.  As  the  energy  necessary  to  break  the 
casing  Increases,  the  liquid  fill  velocity  decreases  to  the  point  where  no 
droplet  breakup  occurs;  but,  at  the  same  time,  the  fragments  from  thick- 
walled  casings  are  larger  (figure  12,  appendix)  and  may  be  entraining 
liquid  fill  behind  them  and  causing  a  portion  of  the  fill  to  move  outward  at 
high  velocity  while  being  subjected  to  high-speed  vortices, 

(C)  Another  hypothesis  to  explain  Improved  recovery  from  thick- 

walled  devices  is  that  the  relative  timing  and  sequence  of  events  may  be 
the  significant  factors.  Measurements  by  the  Stanford  Research  Institute 
show  that  the  casing  fails  at  elongations  comparable  to  static  l-adlng 
failures.  Also,  the  rate  of  expansion  is  Inversely  related  to  the  mass 
being  moved  rather  than  the  strength  of  the  material.  Thus,  the  time 
of  breakup  of  the  casing,  the  decay  rate  of  the  liquid  pressure  due  to 
the  shock  wavu,*  plus  the  outward  velocity  of  the  surrounding  air  after 


2.  (U)  R.  W.  Gurney,  Ballistic  Research  Laboratories  Report  405,  The 

Initial  Velocities  of  Fragments  From  Uombs,  Shell,  and  Grenades, 
14  September  1943. 

3.  (U)  See  Section  V ,  C,  Shock-Wave  Behavior. 
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the  passage  of  the  shock  wave  r.uy  aU  combine  in  affecting  the  relative 
velocity  at  which  the  liquid  fill  i*  expelled  into  the  air. 

(OJ  Additional  evidence  may  be  found  in  photograph*  taken  by 

the  George  Washington  University  Research  Laboratory  at  Tort  Detrick 
which  ahcw  the  liqjid  fill  leading  tie  primary  ahock  wave  nt  mat*  ratioa 
op  to  3  or  4.  At  higher  mass  ratio*,  tie  ahock  lead*  the  liquid  iiU.  Thia 
change  point  i*  approximately  the  tame  a*  found  in  the  Baratol  and 
Composition  C-3  phenomena  with  light  and  heavy  devicea  deacribed  under 
aectioa  B,  below. 

(CJ  There  ia  evidence  that  thia  so-called  "thick-walled"  phenomenon 

is  in  reality  an  "end  effect."  In  that  low-mas*  bomb*  such  a*  the  ,004-iach- 
thick-wall  *teel  and  the  rubber  device*,  the  homogeneity  of  the  eating  wall 
was  observed  to  be  of  paramount  importance.  A*  casing  wall  thicknesses  are 
increased,  beyond  the  1/ 8-inch  thickness  of  the  end  plates,  it  can  be  seen  by 
photographic  teciuiques  that  increasing  amount*  of  fill  are  ejected  axially. 

If  thi*  explains  the  increased  efficiency  of  thick-walled  devices,  then  this 
axially  disseminated  cloud  mart  be  af  smaller  particulate  sixes  than  the 
radial  cloud  and  presumably  is  ejected  at  higher  speed*.  These  velocity 
measurement*  are  being  made  at  thia  time. 

‘CJ  Various  materials  were  investigated  to  determine  the  effect 

of  ductile  versus  brittle  outer  casing.  Ultra-high-speed  photograph* 

(figare  13,  aptendix)  had  shown  that  jets  of  liquid  were  forming  at  the  crack* 
in  the  casing.  It  was  felt  that  brittle  casings  which  formed  crack*  early 
would  produce  higher  velocity  jet#  and  therefore  smaller  droplet  aerosol*. 
However,  the  results  indicate  marginal  superiority  over  the  ductile 
materials.  Zamack  (cast  white  metal)  and  copper  devices,  of  equal  else, 
gave  the  following  recoveries: 

A/B  *10 

% 

Copper  1.5  18.5,  7*.  15.5^* 

Zamack  1.5  15,  17.5 

•  Soft  soldered. 

»•  Welded. 
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(CJ  The  soldered  seam  of  the  copper  bomb  often  failed  prematurely 

(figure  .13,  appendix)  and  resulted  in  low  returns.  The  importance  of 
casing  homogeneity  for  consistent  results  has  been  noted  often.  Unfortun¬ 
ately,  materials  were  not  available  for  fabrication  of  glass  and  lucite  devices 
of  the  same  sice.  The  A/B  ratio  of  1.  7$  for  the  lucite  devices  an d  2.15  for 
the  glass  may  be  sufficient  to  account  for  their  differences  in  performance. 

A/B  R10 

ft 

CUes  2.15  9.0 

Lucits  1.75  l6.0 

(C)  Casing  ductility  was  further  explored  by  testing  rubber  device*. 

Two  characteristics  of  the  rubber  devices  immediately  stand  out;  (1)  the 
great  improvement  In  producing  aerosola  of  small  droplets  and  (2)  the  long 
time  period  end  great  casing  expansion  that  takee  place  before  release  of 
the  liquid  fill  (figure  14,  appendix).  It  seems  log'cal  to  associate  these 
two  aa  cause  and  effect.  As  the  rubber  casing  expands,  the  liquid  fill  is  dis¬ 
tributed  in  a  thinner  and  thinner  layer  and  upcu  rupture  a  thin  sheet  of  liquid 
ie  released.  This  should  result  In  improved  liquid  breakup.  Again,  the 
explanation  may  be  that  the  delay  i).  release  of  the  liquid  has  resulted  in  a 
slowing  down  of  the  surrounding  air  which  had  been  accelerated  outward  by  - 
the  passage  of  the  explosive  shock  wave.  If  this  air  has  had  time  to  slow 
down,  the  differential  in  the  velocities  of  the  liquid  and  air  will  be  greater 
and  will  result  in  improved  breakup. 

(C)  A  series  of  aluminum  devices  showed  higher  recovery  values 

than  those  theoretically  predicted  for  the  equivalent  steel  devices.  Figure* 
15,  16,  and  17  (appendix)  show  the  test  results  from  thess  aluminum  device* 
plotted  against  the  theoretical  .recovery  curves  for  steel  devices  with  the 
ssme  casing  wall  thickness.  It  has  been  noted  that,  when  steel  devices 
"flash,"  the  recovery  of  active  bis  is  higher  even  though  there  has  been 
partial  burning  of  the  aerosol  cloud.  However,  there  is  an  increasing 
amount  cf  evidence  that  flashing  of  aluminum  devices  is  a  result  of  delayed 
burning  of  explosive  gases  as  well  as  aerosol  ignition  (see  section  V,  B). 

0.  (C)  Explosive  Type. 

It  was  postulated  that  the  more  powerful,  "faster,"  explosive* 
would  give  better  droplet  breakup.  A*  shown  In  table  1  the  recoveries  ar* 
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inversely  related  to  explosive  power  except  In  the  esses  of  the  ,  004-lrch- 
thick-wall  steel  and  the  rubber  devices  which  are  strongly  affected  In  a 
direct  relationship  to  explosive  power. 


Table  1 

Effect  of  Different  Explosives  Upon  Recovery 


Wall  characteristics 

RI0 

Material 

Thickness 

Barstol 
(5903  si/ sec) 

Composition  C-3 
(7000  »/s*c) 

Tetrytol 
(7300  st/tee) 

Steel 

la. 

.004 

6.5,  5.0  1 

% 

1  21.5,  22.0 

•  . 

Rubber  (dipped) 
Steel  (type  A) 

4.5 

30.5 

27.0 

.065 

6.7.  5.1 

4.0,  4.4 

3.5,  4.3 

Steel  (type  B) 

.065 

8.5 

3.3 

2.8 

Steel 

.150 

13.0 

6.4 

3.5 

Steel 

.250 

• 

3.8,  4.8 

3.1 

Steel 

.625 

32.5 

14.2 

• 

Alunlnua 

.065 

6.1 

1.4 

• 

Alumlnua 

.125 

6.3 

1.4 

• 

Alumlnua 

.250 

7.2 

5.3 

• 

C .  (C)  Burster  Wall  Thickness  and  Material. 


(U)  The  Investigation  of  the  effect  of  the  central  burster  on 

dissemination  efficiency  is  in  the  initial  stage.  The  first  series  combined 
three  burster  wall  thicknesses  with  thin-  and  thick-walled  casir.gr.  The 
values  in  column  A  cf  table  2  show  a  slight  increase  in  recovery  ae  the 
burster  wall  thickness  increases.  In  the  last  case,  where  the  total  metal 
has  become  relatively  massive,  the  increase  in  recovery  is  quite  marked, 
la  order  to  determine  if  this  increase  in  recovery  was  due  to  "end  effect," 
similar  bombs  were  tested  with  heavy  end  plates.  The  results  shown  In 
columns  C  and  D,  table  2,  indicate  lower  values  with  the  Increased  mass  of  the 
end  plate*.  How«  /er,  th<  welded  end  plates  are  consistently  better  than 
silver  soldered  end  plates.  There  is  not  enough  known  sbout  "end  effect" 
to  expisfn  these  results. 
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(Uy  Preliminary  studies  of  burster  material  are  Ineonelualve 

although  the  burster  seems  to  be  of  less  importance  than  the  casing  la 
affecting  aerosol  characteristics.  The  wide  difference  in  agent  recovery 
between  items  1  and  2  of  table  3  is  probably  due  to  fragments  from  the 
steel  burster  puncturing  the  rubber  casing  prematurely. 


(C)  ’  Table  1 

Effect  of  Burster  Material  on  Recovery 
(Combinations  of  Rubber  and  Steel} 


Casing 

B-.rster  ! 

R10 

Material 

Thickness 

Material 

Thickness 

in. 

in. 

% 

Rubber 

.065 

Rubber 

.065 

20.2 

Rubber 

.065 

Steel 

.065 

8.5 

Steel 

.158 

Rubber 

.065 

6.0  . 

Steel 

.158 

Steel 

.065 

s.z 

—  -  -  - 

(U)  The  results  recorded  in  table  4  are  difficult  to  asses  because 

of  "flashing.”  There  is  some  doubt  a«  to  whether  all  cases  are  true 
flashing  (light  produced  by  burning  of  the  aerosol  cloud),  or  a  false  flashing 
resulting  from  light  from  delayed  burning  of  explosive  gasee.  Where 
decomposition  was  measured,  the  low  values  of  decomposition  seem  to 
support  the  latter  explanation. 
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■  ■■  •  ....  i 

(O  Teble  »  '  r 

Effect  of  Bureter  Hitetlel  on  Recovery 
(Coabliutlont  of  Steel  Sad  Alualnua) 


I  Catlnt 

1  Burster  i 

t. 

A/8 

ruth 

Decomposition 

Material 

Thickneia 

Material | 

Thtckn.Fi 

10 

U. 

u. 

1 

1 

1 

Steel 

.065 

Alualnua 

.065 

3l.t 

Tee* 

11.5 

1 

Alualnua 

.065 

Steel 

.065 

53.2 

Tea 

8.8 

3 

Steel 

.065 

Steel 

.065 

34.0 

•  9 

*o 

1 

6 

Alualnua 

.065 

Alualnua 

.065 

15.5** 

Tee 

.  i 

•  •  *  .  j 

Steel 

.125 

Alualnua 

.065 

44.8 

•  J 

Tet 

3.4 

8 

Alualcua 

.125 

Steel 

.0(5 

76.8 

•  3 

Tet 

0.0 

7 

Steel 

.125 

Steel 

.065 

14.2 

•  9 

8a 

•  • 

Alualnua 

.125 

Alualnua 

.065 

44.2 

*  3 

Tee 

• 

t 

Steel 

.250 

Alualnua 

.065 

37.7 

•  3 

Tee 

10 

Alualnua 

.250 

Steel 

.065 

46.0 

•  J 

Tee 

11 

Steel 

.250 

Steel 

.065 

18.2 

•  3 

Ko 

12 

Alualnua 

.250 

Alualnua 

.065 

60.6 

#  9 

Tee 

*  1 

*  Be*  figure  1,  tppertdl*. 

**  Ihte  result  «ppe*re  low  (figure  15).  Th«  relative  performance  of  no*.  4,  8,  tod 
12,  tbovt,  etn  b«  teen  la  figures  15,  16,  and  17j  their  relative  "fltehlng*  It 
ehovn  la  figure  18.  (Set  appendix  for  figure*  15  through  !$)• 
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D.  (U)  Physical  Properties  of  Liquid  Fill. 

Chamber  studies  of  thi»  variable  have  not  yet  been  initiated. 

•  E.  (C)  Size  Seating.  . 

(U)  In  order  to  make  chamber  data  more  useful  in  the  design  of  mini* 

tions,  it  it  necessary  to  be  able  to  scale  chamber  results  up  to  the  desired 
munition  size.  Identical  munitions,  except  for  size,  will  expand  at  the  same 
initial  velocity  but  will  produce  aerosol  clouds  in  proportion  to  their  size. 

This  means  that  the  larger  units,  producing  larger  clouds,  muse  decelerate 
at  a  lower  rate  and  thus  will  produce  larger  droplets, 

(U)  The  results  listed  under  tables  5  and  6  show  the  trend  expected,* 

but  absolute  ratios  of  return  versus  bomb  size  are  questionable  since  the 
large  units  were  approaching  a  size  where  chamber  wall  losses  are  expected 
and  the  small  units  approach  the  region  of  marginal  chemical  analysis  accuracy. 

(C)  Table  5 

Effect  of  Scaling  (1:2:3)  on  Recovery 


0119 

scaling 

Diameter 

Length 

a _ 

Mate-*al 

a  Wail 

thickness 

A/B 

V 

in. 

in. 

in. 

% 

i 

1 

2 

Steel 

.032 

2.1 

18.0 

2 

2 

4 

Steel 

.065 

1.8 

8.5 

3 

3 

6 

1  * 

Steel 

.093 

2.4 

5.0* 

*  Flashed  -  65%  decomposition. 
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(0  Table  6 

Effect  of  Scaling  (1:2:4)  on  Recovery 


Sire 

scaling 

Casing  | 

A/3 

R10 

Diameter 

Length 

Material 

Wall 

tKckne** 

in. 

In. 

in. 

1 

9/l6 

J 

Steel 

.032 

2.5 

22.2 

2 

l-l/S 

6 

Steel 

.OSS 

2.5 

5.0 

c. 

4 

2-1/4 

12 

Steel 

♦  US 

U  .  mL  ■  ■  ■  ■■  .  n  . 

2.9 

2.1 

F.  (C)  Cylinder  Length/ Diameter  Ratio. 

The  contribution  of  the  ends  to  the  dissemination  of  cylindrical 
devices  has  not  been  determined.  Te  ts  with  thick-walled  devices  reported 
in  sections  A  and  C.  above.  Indicate  the  possibility  of  significant  effect. 
Early  Britich  work*  attributes  the  increased  end  efficiency  to  less  dense 
aerosol  cloud  at  the  ends  and  therefore  less  agglomeration.  As  the  units 
approach  infinite  length,  the  efficiency  should  represent  the  cylinder  cross 
section  with  negligible  end  effect  (figure  19,  appendix). 

It  is  interesting  to  note  the  shtpe  of  the  curves  in  figure  20 
(appendix).  There  is  a  definite  trend  from  the  short  to  the  long  units.  How¬ 
ever,  if  we  attribute  the  high  recoveries  for  the  short  units  at  early  time 
periods  to  in'reajod  end  effect,  we  found  the  opposite  to  be  the  case  with 
the  thick-walled  device*  (figure  11,  appendix).  The  thick-walled  devices, 
which  may  have  highrr  recoveries  because  of  increased  end  effect,  produce 
the  flat  curve*  with  lower  recovery  values  at  the  short  time  intervals. 

G.  (U)  Shape  of  Casing  or  Burster. 

Chamber  studies  6f  this  variable  have  not  yet  been  initiated. 


4.  (U)  James  and  Banfield,  Porton  Technical  Paper  157.  The  Dispersion  of 
Toxic  Agents,  Part  2.  The  Formation  of  Aerosols  by  the  High 
Explosive  Dispersion  of  Liquids. 
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H.  (C)  Miscellaneous 

Test  devices  having  a  foam  plastic  liner  on  the  inside  of  the 
casing  were  tested  on  the  theory  that  negative  or  rarefaction  shock  wave* 
would  be  reflected  from  the  liquid-plastic  interface.  It  was  hoped  that 
this  rarefaction  wave  would  cause  cavitation  in  the  liquid  and  improved 
aerosolization.  Other  units,  with  linings  of  the  same  thickness  around 
the  central  burster,  were  tested  to  emphasize  the  importance  of  the  loca¬ 
tion  of  the  plastic. 


Device 

A/B 

RI0 

.  .  '  ■  ' 

% 

Steel  casing  (wall  thickness  •  .158  inch) 

2.  3 

6.5 

Steel  casing  with  plastic  lining 

1.1 

16.0 

Steel  casing  with  burster  covering 

2.2 

5.0 

V.  (C)  DISCUSSION. 

A,  (U)  General.  ' 

Many  of  the  recovery  values  listed  above,  although  a  measure 
of  dissemination  efficiency,  appear  contrary  to  the  accepted  theories  of 
aerosol  production.  The  aerosol  dropletc  are  supposedly  produced  by  the 
shear  or  drag  forces  on  the  liquid  as  it  moves  through  the  environmental  air. 
The  faster  the  droplets  move  through  the  air,  the  smaller  the  stable  droplet 
size  produced.  Since  the  chamber  recovery  tests  are  reproducible  (figure  21. 
appendix),  they  are  either  valid,  indicating  additional  or  modified  mechanisms 
of  aerosol  formation,  or  they  are  the  result  of  some  selective  chamber  en¬ 
vironmental  phenomena, 

B.  (C)  flashing. 

Cue  important  face:  of  the  explosive  dissemination  study  is  the 
cause  and  control  of  "flashing"  or  burning  of  the  aerosol  cloud.  Early  work 
with  steel  devices  had  shown  that  quenching  of  the  explosive  column,  by 
surrounding  it  with  liquid  fill,  was  beneficial. 

The.  first  10  tests  with  aluminum  test  devices  revealed  a 
much  ir.crea«**d  tendency  to  "flash"  and  no  apparent  control  by  explosive 
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quenching.  A  "go.  no-go"  relationship  was  found  with  aluminum  devices 
(figure  22.  appendix).  However,  when  chemical  analyses  revealed  relatively 
tow  amounts  of  decomposition  products  and  when  a  water-filled  aluminum 
unit  "flashed,”  the  technique  of  flash  detection  by  recording  visible  light 
became  suspect.  As  yet.  the  source  of  this  visible  light,  with  aluminum 
devices,  has  not  been  determined.  One  hypothesis  is  that  flashing  is  burning 
of  incompletely  burned  gates  from  the  explosive.  This  would  explain  the 
flashing  of  a  water-filled  unit.  Also,  it  musi  follow  that  the  properties  of 
dissemination  from  aluminum  devices  are  sufficiently  different,  from  the 
multitude  of  combinations  of  other  materials  tested,  to  provide  the  mixing 
with  air.  or  other  environment  favorable  to  ignition  and  burning  of  thess 
explosive  gases.  .. 

Ci  (C)  Shock- Wave  Behavior. 

One  aspect  of  the  explosive  liquid  phenomena,  being  investigated 
under  contract  by  the  Poulter  Laboratories  of  the  Stanford  Research  Institute, 
is  the  effect  of  the  casing  material  and  wall  thickness  on  the  pressure  rare¬ 
faction  process  at  the  liquid-casing  interface  Figures  23  and  24  (appendix), 
taken  from  the  contractor's  report,  show  the  flow  in  the  u-p  plane  resulting 
from  a  25,000  atmosphere  (25  kilobars  (kb))  incident  shock  in  water,  with 
iron  and  a'uminum  casings.  The  interface  pressure  is  reduced  to  5  kb  in 
14  rarefactions  with  iron  and  6  rarefactions  with  aluminum.  The  time 
to  reduce  the  interface  pressure  is  given  by  the  following  relationship: 


where 


t .  ms. 

■  ■  c 


N  *  number  of  rarefactions  to  reach  desired  pressure 


O  *  thickness  of  casing  wall 

C  »  speed  of  round  in  the  casing  material  (dependent  upon 
the  "state"  of  the  material)  ■ 

The  upper  and  lower  limits  of  time  for  the  rarefaction  process  to 
reduce  the  interface  pressure  from  25  kb  to  5  kb  indicate  that  the  casing 
material  is  much  more  significant  than  the  incident  shock  strength. 

_ _  J l*JS. 

$.  (U)  Stanford  Research  Institute.  Contract  DA -I8-1O8-CML-5510,  Progress 
Report  14,  Explosive  Dissemination  of  Liquid  Agents,  1  December  1956. 
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Table  7 

Incident  Shock 


D.  (U)  Particle-Size  Measurement. 


The  theoretical  calculation  of  particle-size  distribution  from  the 
aerosol  decay  curve*  haa  been  unsuccessful  thus  far.  It  ia  doubtful  if  true 
“  itirred"  or  ''tranquil"1  settling  conditions  can  bs  achieved  in  the  chamber; 
also,  there  is  no  way  of  knowing  what  proportion  cf  the  original  bomb  fill 
contributes  to  the  aerosol  decay  from  time  zero  and  what  part  is  gross 
splash  and  does  not  affect  later  aerosol  recoveries.  Dicay  curves  are 
plotted  with  recovery  as  a  percentage  of  original  •  ill,  when  theoretically  it 
should  be  percentage  of  original  aerosol  cloud. 

Particle-size  measurements  showing  the  relationship  of  mass 
median  diameter  versus  percentage  of  agent  recovery  at  10  minutes  are 
shown  in  figure  25  (appendix).  The  spread  of  the  results  with  rubber  bomb* 
and  with  the  unit  that  "flashed"  suggests  that  different  particle-size  distribu¬ 
tions  are  present  to  give  higher  recovery  values  for  the  same  mass  median 
diameter  value. 

VI.  (C)  CONCLUSIONS. 

No  conclusions  are  attempted  at  this  stage  of  the  investigation. 
Continued  chamber  investigations  arc  required  Into  the  mechanisms  which 
apparently  make:  (1)  thick-walled  devices  more  efficient  than  thin-walled 
devices,  (2)  Baratol  more  efficient  than  Composition  C-3  or  Tetrytol  as 
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an  explosive,  and  (j)  lined  device*  more  efficient  than  unlined  device*.  The 
information  obtained,  with  corroborating  field  testa,  should  provide  guide* 
line*  to  munition  design  which  will  enhance  munition  efficiency  significantly. 
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Figure  21,  Reproducibiiity  of  Teat  Technique 
Figure  22,  Flath  Characteriatiea  of  Aluminum  Bomba 
Figure  21,  Shock  Decay  Characteriatiea 
Figure  24,  Shock  Decay  Characteriatica 

Figure  25,  Relationahip  Between  Aeroaoi  M.  M.  D.  and  Chamber  Recovery 
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FIGURE  12 

Fragments  ftroa  Various  TV.clwess  Steel  Caslnrs 
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copra  -  fo  micro  -  sec;. 
(SOLDERED  SEAM) 


SCTXL  -  RVB32R  COVERED 
to  MICRO  -  SBC.  . 


ZAMACK  60  MICRO  -  SEC. 


;  '  O 

hnL" ^ ■  -  rf-  t w.niJnm.m.i 

STEEL  -  RUBBER  COVERS 
80  -  MICRO  SEC. 
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JETTING  CHARACTERISTICS 
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